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THE  QUESTION  OF  THE  .1ECHANISH  OF  THE  C F yST  AILI Z ING  ACTION  CF  SCLIDS 
CN  SUPERCOOLED  WATER  AERCSCLS. 

M.  V.  Tovbin,  G.  G.  Budecdskaya. 

Kiev  State  University  iir.  T.  G..  Shevchenko. 


Paije  237. 

Many  researchers  over  a number  of  years  ccrduct  work  cn  research 
on  the  mechanism  ot  the  crystalli7rn9  action/effect  of  different 
Eutstaiices  on  the  supercooled  water  aerosols.  With  the  investigation 
of  new  reagents  for  an  active  effect  on  supercccled  clouds  and  fog 
decisive  importance  has  the  iarcratory  evaluaticn  of  the 
effectiveness  ot  synthesized  speci n’en/sam p les,  which  precedes  work 
consuming  and  bulky  field  tests.  One  should  consider  also  that  fcy  the 
contemporary  state  or  proLlem  tne  investigation  ot  new  active 
preparations  conducts  empirically.  As  is  known,  until  this  time  sole 
criterion  for  the  preliminary  selection  of  sutstances  is  she 
resemblance  ot  crystal  lattices  of  ice  and  crystallizing  substance. 
Which,  as  it  shows  experiment,  not  always  is  justified,  but  main, 
dees  not  make  it  possihle  to  obtain  even  the  approximately 
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quantitative  characteristic  ot  the  activity  of  substance.  Thus,  the 
selection  of  the  crystallizing  substances  conducts  Ly  the  mass  tests. 

The  ice-foiminq  activity  of  substance  is  characterized  by  the 
threshol.i  temperature  and  the  cutctcp  cr  the  crystallization  nuclei 
at  the  qiven  temperature  of  the  superceded  foq  from  the  calculation 

cn  1 q of  reaqent.  Experimentally  the  thresnold  temperature 
''  determined  from  the  appearance  of  single  crystalline  particles  of  ice 
in  the  supercooled  Log.  The-  cutcrop  cf  tne  crystallization  nuclei 
significantly  depends  on  the  method  cf  the  dispersion  of  reagent  and 
conditions  of  experiment. 

Is  suggested  many  procedures  for  determining  the  threshold 
temperature  of  ice  formaticr.  In  soviet  investigations  they  put  to 
use  most  frequently  the  cooling  chambers  ot  large  volume  [6].  In 
earlier  rfOLx  was  applied  coding  box  [11,  Id],  sometimes  Wilson 
cloud  chamtei  [4],  In  recent  years  is  proposed  the  chamber  of  the 
original  construction  with  strict  t ner  most  at  i ri  g the  measure  of  the 
original  construction  with  strict  ther  iicstating  in  volume  [3],  and 
‘ also  the  procedure  of  cooling  snatt/mine  with  lapse  rate  [2].  The 
most  widely  used  methods  cf  dp{lying  the  chambers  during  ass  testing 
specimen/saii  pies  are  inconvenient  due  tc  unwielciness  and  labor 
expense  of  exp»^riments.  Inconvenience  is  also  that  the  tested 
substance  must  be  introduced  into  the  chamber  in  highly  dispersed 
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state.  Under  laboratory  conditions  are  always  teasible  the  operations 
of  the  conversion  of  speciiren/Eainple  into  aerosol  by  sublimation, 
traymentat ion  witn  explosion,  etc.  finally,  the  application/use  of 
the  chambers  is  impeded  by  the  need  thoroughly  to  clean  them  from  the 
reagents,  which  were  being  applied  in  the  pteceding/pre viOus 
experiments.  However,  in  spite  of  the  def icient y/lacxs  indicated,  it 
should  be  noted  that  these  methods  give  thus  fat  the  only  possibility 
of  the  estimation  of  the  outcrop  of  the  crystallization  nuclei  under 
conditions,  wnich  approximately  imitate  real  cloud. 

Page  2Jh. 


In  the  present  in  vest i gat  ion  was  the  expressed  goal  to  develop 
the  convenient  met hoa  of  research  on  the  crystallizing  act ion/etfect 
cf  reagents  and  unaet  identical  conditions  to  compare  the 
crystallizing  action/ef feet  of  dittcrent  substances.  As  the 
quantitative  characteristic  of  the  intensity  of  this  action/ef feet 
can  serve  the  caused  by  reagent  increase  in  the  temperature  of  the 
crystallization  of  the  supercocled  aeccsol  AT  = T - Tq  (where  T and 
To  ~ crystallization  temperature  in  the  presence  of  reagent  and 
without  it).  Tnr  procedure  cf  the  deter minaticr  of  value  AT  must 
satisfy  some  requirements,  first,  it  must  provide  the  posiibility  of 
obtaining  the  well  reproducible  results.  In  the  second  place,  it  is 
necessary  that  the  conditicrs  cf  exper laentat icn  as  fat  as  possible 
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te  clo.je  to  the  themes,  which  are  created  in  supercooled  clouds. 

- Taking  into  account  that  which  was  presented  were  carried  out  the 
investigations  ot  the  crystallizing  act ion/ef feet  of  reagents  cn 
irociel  systems.  As  the  model  of  water  aerosol  in  the  developed  method 
was  utilized  the  enulsioti  ct  water  in  slightly  polar  viscosous  liquid 
- liquid  petrolatum. 

In  the  literature  there  is  information  about  the  observation  of 
the  ice  formation  by  optical  method  in  reverse  emulsions  watet/cil) 
[7'.  For  investigations  the  authors  obtained  the  emulsion  of  water  in 
liquid  petrolatum,  stabilized  by  the  eirulsitier  T-2  (esterification 
product  of  maximum  fatty  acids  and  poiyglycerol) . For  conducting  our 
experiments  we  considered  impossible  the  a pp 1 icat ion/use  of  an 
emulsirier,  since  the  addition  of  the  latter  could  distort  the 
picture  of  the  determination  of  the  temperature  of  the 
crystallization  of  water  in  the  emtulsicn  with  the  additions  of 
reagent. 

Experimentally  by  us  studied  the  effect  of  a series  ot 
substances  on  tho  temperature  ct  the  crystallization  of  the 
supercooled  eirulsion  of  the  water  in  oil,  ret  containing  stabilizers. 
For  the  purpose  of  an  increase  in  the  kinetic  emulsion  stability  to 
liquid  petrolatum  they  added  certain  quantity  of  carbon  t trachloride 
so  that  the  generating  mixture  would  have  tne  same  density  as  water. 
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This  mixtuLe,  named  oil,  was  utilized  ky  us  as  the  dispersive  medium 
* duririj  the  producticn  or  eDiulsion.  The  emulsion  ol  water  in  oil  was 
cLtaiaed  by  two  diftereiit  methods,  in  the  tirst  the  emulsion  was 
cotaired  by  the  dispersion  of  water  in  instrument  for  grinding 
tiological  preparations.  For  this,  into  the  certainer  of  crusher 
poured  50  ml  of  oil  and  1 ml  of  water,  fixture  they  mixea  during  5 
minutes  at  the  velocity  of  the  rotation  of  agitator  600U  r/min.  As  a 
^ result  was  obtained  the  uniform  emulsion  of  water  in  oil,  which, 
however,  was  understaole  and  tor  several  hours  it  was  stratified. 
This,  apparently,  is  explainea  themes  that  during  the  preparation  of 
emulsion  by  means  of  energetic  mixing  into  it  unavoidably  fail  the 
air  bubbles,  which,  floating,  they  carry  ofr  with  themselves  the 
dropletr;  of  water,  causing  their  coalescence.  Ir.  spite  of  this 
deficiency/lack,  the  obtained  thus  emulsion  of  water  could  be 
utilized  for  investigation,  since  the  duration  cf  conducting 
experiments  was  comparatively  small  (atcut  jO  minutes). 

Page  239. 

In  the  second  method,  based  on  the  coruensation  reheated  pair  in 
coded  oil,  were  obtained  the  emulsions,  kinetic  more  stajJle.  For 
this  into  cooled  to  0°C  cii  from  tinc/thin  capillary  during  15 
seconds  at  constant  velocity  they  passed  tte  stream  reheated  water 
pair.  In  this  case  was  oltained  very  stable  in  time  emulsion  with  the 
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constant  coiniensat  ion  ot  the  dispersed  phase  (atout  2o/o  by  volume), 
which  was  utilized  for  investigation. 

It  is  inteiesting  tc  i.ote  that  data,  cttained  dutirig  the  study 
ct  the  temperature  ct  the  ct yst a 1 1 iza t icn  of  the  emulsions,  prepared 
Ly  the  describeu  two  methods,  will  agree  sufficiently  well  between 
themselves,  for  the  characteristic  of  the  applied  emulsion,  prepared 
ty  conuensation  methol,  was  studied  the  particle  distribution  of  the 
water  in  it  according  tc  size/dimensior.s.  figure  1 gives  the  spectrum 
cf  the  drops  of  water  in  the  euiulsicn.  Along  the  axis  of  ordinates  is 
deposit/postponed  the  number  ot  particles  (c/c)  whose  radius  is  less 
than  the  datum,  along  the  axis  ot  abscissas  - the  radius  of  particles 
1 As  can  be  seen  from  tne  figure,  the  studied  emulsions  are 

p o 1 y disper se,  with  distinct  maximum  in  distiirutioa  curve.  In  this 
case  a greatest  guantity  cf  drcpis  ci  water  in  the  emulsio  they  have 
a radius  6 Tnese  data  show  that  this  enulsicn  can  serve  as  the 

sufticiently  good  model  of  natural  water  aetoscls. 

The  temperature  of  the  cl yst a 1 liza tion  of  emulsions  was  studied 
ty  thermograph  method  at  the  i nst a 1 ia t i on , sche natically  depicted  on 
Fig.  2, 


Into  test  tube  A they  poured  10  m(  ot  emulsion  and  was  placed 
into  it  copper-constan tan  thermocouple  E.  Test  tube  A on  plug  was 
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inscrtt?d  intc  cooiiiuj  chauiLet  C whose  wails  wete  thermod-insulate  by 
asbestos,  through  the  chambeL  at  the  ccnstaut  velocity,  recorded  by 
cheoireter,  they  blow,  cooled  by  liquid  nittci^en,  and  through  each  of 
30  seconds  recordea  readinijs  of  thetmoccup  le  E cn  a yal  van  ouieter  of 
the  type  K-198/3.  As  an  exauple  Fiy.  J gives  the  typical  thermogram, 
cbtaincii  in  one  of  the  ex[:eciments- 


A— A 


1 T-  I • I » I ♦ I r-T,  _ , , 

3 9 15  21  27  33  39ruKu[0 
F i g n t • 


Fig.  2. 


Fig-  1.  Curve  of  the  particle  distribution  of  the  water  in  the 
evulsion  according  to  size/dimensions. 


Key:  ( 1)  . - 


Fig..  2.  Installation  diagram. 
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As  can  Ge  seen  iroa;  the  tiyure,  on  t he  i log  c am  is  distinctly 
cL'seivable  a series  ot  tne  excthetiric  jeaks  (tenperature,  which 
corresponds  to  each  of  these  peaks,  it  was  determined  froH  gauging 
curve/graph) , caused  by  the  freezing  of  the  individual  fractions  of 
the  drops  of  water,  which  were  being  accomfunied  heat  liberation.  The 
presence  on  the  thermogiam  of  a series  of  exothermic  peaxs  is 
fresented  by  coa.pieteiy  natural,  since  the  emulsions  being 
investigated  were  poly  disperse , ana  the  temierature  of  th 

crystallization  of  the  supercooled  dtet-s  of  water,  as  is  known,  it 
depends  on  their  s i ze/d imensio n.  F ur thermore,  it  is  necessary  to  keep 
in  mind  that  tlie  process  of  the  crystallization  of  supercooled  liquid 
is  f 1 uct  ua  t iona  1,  and  therercre  even  in  the  case  of  nionodisper  se 
systems  on  thermogram  it  was  to  be  expected  the  presence  ot  a series 
ct  peaks  in  the  determined  temperature  range. 

For  the  calculation  of  the  most  prcoaile  temperature  ct  the 
cr ystallization  of  pol y disperse  emulsion,  ccvicusly,  it  is  necessary 
to  use  statistical  method.  For  this  purpose  tney  placed  not  less  than 
10  {<araliel  experiments  (so  that  on  the  obtained  thermograms  it  would 
te  about  100  exothermic  peaks)  and  their  results  were  treateii 


statist  ically  [ U ]. 
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Figure  4 yives  an  example  ot  the  hystcyrait,  constructed 
accordiiKj  to  the  empirical  data  ot  the  ireeziny  points  of  the  drops 
ct  water  in  the  emulsion,  and  the  evened  disttiLution  curve  according 
to  the  normal  law  ot  Gauss. 

In  this  case  {robatility  taat  the  empirical  law  corresponds  to 
normal  distribution,  is  9J.7c/c-  with  reiiarility  0.95  most  probable 
the  temperature  or  the  crystallisation  of  drops  T = 17.3  ♦ 0.50C. 


rc 


Fig-  3.  Thermogram  ot  the  process  ct  the  crystallization  of  the 
supercooled  emulsion  ot  water. 


Key  • ( 1)  . min. 
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Fig.  4.  riystogram  ot  the  process  of  the  crystallization  of  the 
supercooled  emalsioa  of  water. 

Fey:  (1).  Fregutncy. 

Page  241. 

Then  was  initiated  research  on  tne  effect  cf  a series  of 
substances  on  the  temperature  ot  the  crystallization  of  water  in  the 
emulsion,  in  this  case  as  the  subjects  of  investigation  were  selected 
the  reagents,  possessing  the  considerable  crystallizing  action/etf ect 
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(A^jJ,  PbJ^,  Cu5,  p h lor  O'j  1 uc  iiio  1)  , and  also  tor  a comparison  some 
t sutstaiices,  the  not  callin>j  cr  ystall  izaticns  ot  the  supercooled 
aerosols  CdS,  PtS,  CaCOj). 

I As  can  be  seen  from  Table  1,  the  results  of  the  experiments, 

I carried  out  with  the  emulsicns  of  water,  ottaiced  by  ditf  rent 

I methods,  they  will  ayree  suf ticieiitly  well  between  themselves.  In 

[ ' accordance  with  literature  data,  tiie  yreatest  crystalliziny 

i action/etf ect  possess  AjJ,  PbJ2,  CuS  and  pniorcgiucinol.  Such 

substances  as  k^Cl  , CdS,  PbS,  CaCOj,  either  in  practice  do  not  affect 
the  temperature  ot  the  crystallization  cf  water,  or  even  several  it 
they  iewer  (CaCCj)  . 

[ 

^ The  given  data  also  shew  that  the  proposed  method  can  be  used  to 

evaluate  and  comparison  ct  the  crystallizing  action/effect  cf 
different  substances  on  the  supercooled  water  aerosols. 

By  the  very  interesting  to  us  is  presented  the 
established/installed  experimentally  fact  cl  a sharp  reduction  in  the 
‘ emulsicn  stability  of  water  in  oil  in  the  presence  of  a series  of 
crystallizing  reagents.  This  tact  turned  out  tc  be  that  whicn  was 


somewhat  not  expected.  As  is  known,  highly  dispersed  powders  can  be 
the  stabilizers  of  emulsions.  In  this  case  hydrcphobic  powders  (ter 
exam{le,  carbon  black)  will  staiilize  reverse  enulsions  (of  type" 
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water- in-oil”)  . As  is  krcwr.,  the  case  c£  a reduction  in  the  emulsion 
stability  in  the  presence  ot  hivjhiy  dispersed  pcwders,  until  new,  are 
not  described.  The  stabilization  of  emulsions  by  powders,  and  also 
the  reverse  process  of  a reduction  in  the  emulsion  stability, 
undoubtedly  they  present  the  surface  phenomena,  bonded  with  the 
dccumu  lat  i cn  of  rea^jents  cn  the  boundary  ot  twe  nonmiscible  liquids. 
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Table  1. 


l/'> 

BcmecTBO 

3My.ibCHR,  no.iyMCHMaa 
' AHCnepriUHOHKMM  MeTOflOM 

r^/’dMyAbCHN,  no.iy>irHHaR 

KOHAeNCaUMOHNUM  MfTOAOM 

7 

iT 

T 

AT 

^ ‘ Boiia 

-17,3 

-14 

iS)  Aj^J 

-8,5 

8,8 

-5,8 

8,2 

't>.nopor,iionnH 

— 

— 

-6,8 

7,2 

PbJ., 

-9,6 

7,7 

-6,9 

7,1 

H«J 

— 

_ 

-8,9 

5,1 

CiiS 

— 

— 

-9,3 

4,7 

cas 



— 

-12,5 

1,5 

AkO 

— 

— 

-12,7 

1.3 

PbS 

— 

— 

-14,4 

-0,4 

CaCO, 

-20 

-2,7 

-15,7 

-1.7 

Key:  (1).  Substance.  (2).  Emulsion,  obtained  by  dispersion  methods 
(J).  Emulsion,  obtained  by  condensaticr  method-  (4).  Water.  (5). 
Ehloroglucinol. 
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In  connection  by  these  it  is  very  interesting  to  compare  the 
action/effect  o£  reagents  with  the  character  of  its  adsorptive 
reaction  with  water.  This  reaction  can  be  studied  by  different 
methods,  for  example,  by  the  study  of  the  adsorption  izotherms  of 
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wdtet  vdfiocs  on  thin  Leayent,  the  detei  ainatior  ot  heat  of  wetting  of 
solid  with  water,  etc. 

Or;  the  character  of  the-  reaction  cf  the  area  of  the  particle  of 
solid  with  water  it  is  possible  to  judge  also  by  their  effect  on  the 
stability  of  agueous  eniulsicns.  Therefore  was  compared  crystallizing 
action/effect  ot  reagents  with  their  effect  on  the  emulsion  stability 
or  water  in  oil. 

For  reseatcii  on  this  question  was  utilized  Rehhinder*s  method 
[8],  Experimentation  technique  was  reduced  to  the  following.  Bunsen 
beaker  was  filled  by  the  distilled  water  at  the  level  of 

approximately  5 cm.,  and  to  it  it  was  poured  the  same  layer  ot  liquid 
petrolatum.  Into  the  layer  cf  liquid  petrclatuir  from  fine/thin 

capillary  was  squeezed  cut  the  small  drop  cf  water  (size/d imension  ot 
the  drops  of  water  in  all  experiments  remained  the  constant  and  was 
equal  to  0.05  ml),  which  slcwly  was  omitted  tc  interface  water  - oil. 
i xperimer.tally  determined  time,  after  which  occurred  the  coalescence 
cf  drop  with  the  surface  of  water  (the  "lifetime"  of  drop  - r s.)« 

The  lifetime  of  drop,  as  is  known,  depends  on  many  accidental 
experimental  conditions,  and  therefore  it  is  conducted  100  parallel 
ireasurements,  which  are  subjected  to  mathematical  processing  [1],  for 
the  determination  ot  most  probable  value  t. 
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Fcr  research  on  the  effc'ct  ot  solids  on  eauision  stability 
instead  of  the  water  layer  into  beaker  was  i-ouied  the  colloidal 
solution  of  the  cor  res  ponairi'j  reayent..  The  obtained  experimentally 

most  probatle  values  of  the  lifetiice  of  the  drop  of  water  in  the 
presence  ot  the  investigated  reagents  ate  given  in  Table  2. 

As  can  be  seen  from  table,  some  of  the  investigated  substances 
cause  a sharp  decrease  in  the  emulsion  stability  ot  water  in  oil, 
whereupon  the  lifetime  of  the  drop  of  water  decreases  3-4  times.  This 
fact,  as  noted  above,  it  is  not  expected.  Ihe  aechanism  of  this 
destabilizing  action/effect  cf  powders  requires  supplementary  study. 
Attracts  to  itself  attention  that  that  decrease  the  eauls  on 
stability  cf  water  precisely  those  substances,  which  possess  the 
considerable  crystallizing  act  ion/e t feet  on  the  supercooled  water 
aerosols.  Between  the  crystallizing  action/effect  of  reagents, 
characterized  by  the  found  by  us  value  AT,  and  by  its  ability  to 
lower  the  stability  or  aqueous  emulsion  (which  it  is  yuan  itatively 
can  be  evaluated  by  the  value  Tq/t,  where  Tq  and  t are  a lifetime  ot 
the  drop  of  pure  water,  also,  with  the  addition  ot  reagents),  as  can 
be  seen  from  Fig.  5,  is  observed  sufficiently  sharp  correlation. 
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Idtle  i.  Eftect  of  solids  on  the  onulsicn  stdbility  of  wdtet  in 
liquid  petrolatum. 

/,>  (4:‘ 

^’HemecTiK),  . . Boiia  A|^*J  PbJ2  HjjJ  CuS  AgCI  CaS  PbS  CaCOs 

t'ceic Ml  27  45  57  75  99  99  128  176 

Key;  (1).  Sufcstance.  {2).  Water,  (i).  r,  s. 

Faqe  24J. 

This  derivation  will  agree  with  the  views  cf  a series  of  the  | 

Leseatchets  [9,  12,  15],  It  is  of  consideratle  interest,  since 

surface  can  he  modified  ty  adsorptive  methcds,  which  open/disc Icses 

the  new  ways  of  an  artificial  change  in  the  crystallizing 
t act i on/e ff cct  of  reagents. 

For  the  check,  of  the  last/latter  pcsition  we  conducted  several 
preliminary  experiments.  In  the  first  cf  them  was  hydrophy lized 
surface  AgJ.  This  was  reached  hy  the  adsorption  of  the  trj^ces  of 
gelatin  by  the  highly  dispersed  suspensions  AgJ-  It  turned  out  that 
^ after  this  adsorptive  surface  modification  the  crystallizing 

action/ef f ect  sharply  descends-  The  possibility  of  an  increase  in  the 
crystallizing  acti on/e f feet  of  substances  was  checked  on  the  highly 
disporseu  powaets  of  quartz.  The  quartz,  which  has  the  crystal 

structure,  close  to  the  structure  of  ice,  nevertheless  as  showed  the 
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♦•X  F€L  isoi.t  s,  it  Joes  not  aitcct  the  tenperdtute  of  crystal  lization  of 
the  su pe rcooieil  emulsion.  This  is  caused,  appaiently,  the  es  that 
'juditz  has  iiydLO()h  i iic  surface.  After  the  partial  water  proof  in  q of 
the  surface  of  quartz  ty  ptccessiny  its  d i me t h y Id ichlor osi la ne  it 
I ecame  to  exhibit  the  sut  liciei.t  ly  hiqh  crystallizing  activity. 

Conclusions. 

1.  Is  described  the  method  of  the  determination  of  the 
cr yst a 11 iz inq  act i o r/e f feet  of  rcdqente,  based  cn  research  on  their 
effect  on  the  ffeezinq  point  of  the  sufercccled  emulsion  of  water  in 
Ci  1. 


2.  Is  assumed  that  the  cr ysta 1 1 izi nq  act icn/ef feet  of  ceaqcnts 
on  the  supercooled  water  aetoscls  is  caused  by  the  specific  character 
cf  adsorptive  processes  cn  interface  water  - reaqent. 
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Fig-  5.  Correlative  dependence  between  the  cr ystaiiiiing 
acrion/eff ect  ot  reagent  and  its  acility  tc  lower  the  emulsion 
stability  of  water  in  oil.  1)  CaCOa,  II)  PtS,  111)  A^C/,  IV)  CdS,  V) 

CuS,  VI)  HgS,  VII)  PuJz,  Viil)  AgJ. 

fage 


3.  is  studied  the  effect  cf  a series  cf  solids  in  highly 
disperseii  state  on  the  emulsion  stability  cf  water  in  liquid 
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L olat  um.  It  i:i  shown,  that  a series  cf  solid  reaijents  causes  a 
■I  sharp  decrease  in  the  eaulsion  stacility. 


4.  It  is  esta  r 1 is  li/i  ristal  le  J tliat  tetkten  the  ability  ot 
leaijents  to  lower  the  cffuisicn  stability  ot  water  and  the  i 
crystdlliz in j action/ot tect  on  the  supercooled  water  aerosols  is  a 
sharp  correlative  dependence. 


5.  The  tindinjs  conritiTi  assumjtior.  about  tie  tact  taat  the 
cr  ystal  liz  incj  a ct  i o r/e  f f ect  of  rcajents  is  caused  by  the  character  of 
their  surface  reaction  with  water. 


6-  It  is  shown,  tnat  by  the  surface  iticuif icatiori  of  reagent  ty 
' adsorptive  methods  it  is  possible  to  affect  its  crystallizing 
ac  tion/e  f f ect. 
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